Background {#Sec1}
==========

As a consequence of the rapid pandemic spread of the novel coronavirus (SARS-CoV2), and the exponential rising of patients with coronavirus disease 2019 (COVID-19), health systems of affected countries are facing an increasing number of patients presenting to Emergency Departments with hypoxemic respiratory failure. The demand of mechanical support and endotracheal intubation (ETI) is higher than normal and often exceeds available resources, with the need to rapidly expand the medical resources available.

SARS-CoV2, similar to SARS-CoV \[[@CR1]\], causes a range of heterogeneous clinical pictures in human going from common cold to severe respiratory failure. Due to its respiratory system tropism, it can lead to diffuse alveolar damage with cellular fibro myxoid exudates, desquamation of pneumocytes, and hyaline membrane formation \[[@CR2]\]. Emerging evidence suggests an exuberant "cytokine storm" reaction of the host with features similar to bacterial sepsis, and reports high inflammatory markers like elevated C-reactive protein, [d]{.smallcaps}-dimer, and ferritin being able to relate to disease severity and mortality \[[@CR3]\]. Severe disease might result in acute and progressive respiratory failure due to massive alveolar damage, till Acute Respiratory Distress Syndrome (ARDS) develops \[[@CR4]\].

A high rate of COVID-19 patients presents with severe hypoxic respiratory failure, 19% in first data coming from China with 5% requiring mechanical ventilation and intensive-care unit (ICU) \[[@CR5]\]. Therefore, immediately supplemental oxygen therapy is mandatory when SpO~2~ levels are low (\< 90%), with the aim to increase SpO~2~ and maintain it no higher than 96% \[[@CR6]\]. Evidence showed that a liberal oxygen strategy is associated with increased risk of hospital mortality in acutely ill patients \[[@CR7]\].

They have usually a fairly normal pulmonary compliance, especially in the first phases of the disease. That indicates well-preserved lung gas volume and relatively low work of breathing prior to intubation in sharp contrast to expectations for severe ARDS. The loss of lung perfusion regulation and hypoxic vasoconstriction might play an important role in generating their severe hypoxemia. Due to preserved compliance, COVID-19 patients do not have excessively increased work of breathing and may develop "silent hypoxemia" with the risk of a rapid decline without severe symptoms complaint.

Due to progressive alveolar damage and infiltrates, progressive alveolar collapse can develop, with a gradual distortion of lung architecture promoting collapsing of neighboring alveoli and development of atelectasic areas.

The application of a positive end expiratory pressure (PEEP) is useful for lung recruitment and to improve ventilation perfusion mismatch.

Evidence on non-invasive positive pressure ventilation (NIPPV) in acute respiratory failure (ARF) due to viral pneumonia is lacking and its use is still of uncertain benefit \[[@CR8], [@CR9]\]. Data from observational studies on the use of NIPPV in Influenza A (H1N1) viral pneumonia showed a variable successful rate between 40.7 and 48% \[[@CR10]--[@CR12]\]. Some studies reported an increased ICU mortality in patients who failed NIPPV trial compared with early invasive mechanical ventilation, whereas NIPPV success resulted in shorter hospital stay. NIPPV failure was associated with higher SOFA scores and lower P/F levels \[[@CR10], [@CR11], [@CR13]\]. A high rate of NIPPV failure (92.4%) was reported in critically ill patients with the Middle East Respiratory Syndrome (MERS) \[[@CR14]\].

Due to the lack of Randomized-Controlled Trials, no recommendations are offered on NIPPV use in these patients, but according to data from observational studies, a cautious NIPPV trial in selected patients in a protected environment and experienced centers can be tried. An NIPPV trial could be attempted for 60 min, being aware that a prolonged NIPPV treatment can be harmful delaying intubation and provoking large tidal volumes, injurious transpulmonary pressures, and increasing the risk of patient self-inflicted lung injury \[[@CR15]\].

Because COVID-19 patients have often a tolerable work of breathing, they may not need much mechanical inspiratory support, but can benefit from a simply continuous positive airways pressure (CPAP). CPAP is able to deliver PEEP and to provide alveolar recruitments, avoiding excessive harmful tidal volumes, and reducing patient's high negative intrathoracic pressure swings which can increase lung injury. Due to its potential negative effects, the lowest useful PEEP should be find to avoid severe hemodynamic impairment, fluid retention, gastric insufflation, and aspiration. CPAP delivered by head helmet has been shown as safe and effective as CPAP delivered by face mask, and better tolerated for prolonged ventilation periods \[[@CR16]\]. Moreover, with the use of a closed system and viral filters, the helmet can be reasonably safe regarding viral transmission \[[@CR17]\].

Flowchart {#Sec2}
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Considering the lack of recommendations available in the literature, it could be useful to standardize the first approach to COVID-19 patients presenting to the Emergency Department with hypoxemic respiratory failure, diagnosed clinically and with initial arterial blood gas test (ABG).

The flowchart which we propose here (Fig. [1](#Fig1){ref-type="fig"}) does not refer to patients presenting with an altered mental status (Kelly score ≥ 3) \[[@CR18]\], unstable hemodynamics, and/or a state of shock or impaired/ineffective respiratory mechanics (e.g., agonic breathing and thoraco-abdominal dyskinesia), who theoretically require immediate ETI.Fig. 1COVID-19 patient support ventilation flowchart

Many COVID-19 patients present with severe hypoxemia and supplemental administration should not be delayed. The first step is 5 L/min oxygen administration through nasal googles or face mask targeting a SpO~2~ level ≥ 94%, starting a close vital signs' monitoring with a particular attention to respiratory rate (RR) and SpO~2~, which should be monitored continuously.

After this first intervention, the patient should be reassessed after 10--15 min.

If the established SpO~2~ target has not been quickly reached, an advanced ventilatory support, such as NIPPV or CPAP, should be started without any further delay. After the selection of patients requiring early ETI, it is crucial to define quickly the best non-invasive ventilation modality for each patient.

While preparing the equipment to start non-invasive ventilation, supplemental oxygen should be administered with a reservoir mask (till 15 L/min) to increase the SpO~2~ level to the target.

Mandatory conditions to start CPAP or NIPPV are:a preserved state of consciousness (Kelly Score 1 or 2)stable hemodynamicsRR ≥ 28 bpm.

CPAP delivered through helmet and high-flow generating devices should be started as first choice.

NIPPV should be considered alternatively to CPAP in case of lack of equipment to provide CPAP with helmet and for patients with hypercapnic respiratory failure and risk of muscular exhaustion (e.g., history of chronic obstructive pulmonary disease and neuromuscular disease). A trial should be attempted being aware that a prolonged NIPPV treatment can be harmful delaying intubation.

CPAP {#Sec3}
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In case hypoxemia does not respond to O~2~ supplementation, CPAP should be started. CPAP does not actively reduce patients' respiratory effort, but, through alveolar recruitment, improve respiratory compliance and improves the ventilation perfusion mismatch, reducing the degree of hypoxemia even in cases refractory to standard oxygen therapy.

Given the small number of mechanical ventilators currently available, CPAP is delivered through helmet and high-flow generating devices.

A CPAP trial of 120 min should be started. As the initial setting, we start with a PEEP of 7.5 cm/H~2~O and a Flow ≥ 60 L/min, titrating the FiO~2~ to reach a SpO~2~ ≥ 94% and an RR ≤ 25 bpm. A continuous vital signs monitoring is necessary and the patient should be reassessed with all his vital signs every 30 min till the end of the trial. During every half an hour reassessment, PEEP should be increase by 2.5 cmH~2~O up to a maximum of 12.5 cmH~2~O in case of failure to reach the RR established target, whereas no modification of the setting is necessary if the target is reached.

If a SpO~2~ ≥ 94% and an RR ≤ 25 min is reached after the 120 min trial, CPAP should be continued alternating with high-flow nasal oxygen (HFNO), maintaining continuous monitoring of vital signs.

In case of failure to reach the established targets after 120 min of CPAP trial, early ETI should be considered in patients candidates for intensive-care unit. In patients with a DNI order, the choice to continue helmet CPAP or shift to standard O~2~ therapy and start palliative care depends on clinician evaluation. Many DNI patients actually do not receive treatment-limitation decisions, and CPAP, if well tolerated, can still ameliorate respiratory exchanges and compliance, reducing hypoxemia and dyspnea.

NIPPV {#Sec4}
=====

As initial setting, we start [NIPPV]{.smallcaps} with a Pressure Support (PS) of 5 cmH~2~O and a PEEP between 5 and 10 cmH~2~O, titrating the FiO~2~ to reach the desired SpO~2~.

During the trial, a careful and continuous vital signs' monitoring must be performed to early recognize any signs of clinical deterioration. A medical/nursing reassessment is required after 30 min and repeated at the end of the trial after 60 min. If a SpO~2~ ≥ 94% and an RR ≤ 25 bpm with a low tidal volume of 6 mL/kg predicted body weight (PBW) is reached after the 60 min trial, NIPPV can be continued alternating with high-flow nasal canula (HFNC). In hypercapnic patients ABG test should be repeated after 30 min to evaluate if respiratory acidosis has improved.

In case of NIPPV failure to reach the established targets, ETI should be performed in patients' candidates for intensive care. On the contrary, in patients who received a do-not-intubate (DNI) order, standard O~2~ treatment or CPAP could be used to reduce hypoxemia and dyspnea, and starting palliative care should be considered.

Providing advanced ventilatory support requires adequate settings, the possibility of continuous vital signs monitoring, and highly competent medical and nursing staff.
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